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In this paper it will be the aim of the writer to 
deal as exclusively as possible with the Mercury Extrao;;.;·· 
tion Process as applied at the High-Grade Plant of the 
buffalo Mines,Limited, Cobalt, Ontario, Canada. It will 
be necessary at times to refer to the treatment of the 
ore for the extraction of silver. This phase of the 
subject was·treated at length by.Robt. E. Dye and E. B. 
Thornhill in their thesis submitted to the IEissouri 
School o~ Mines and Metallurgy for the degree of Engineer 
of ~ines in 1915 • It ~ay not be out of place to again 
mention some of the facts brought out in their thesis, 
since the object of the Mercury Process is to remedy one 
of the difficulties encountered in the amalgamation of 
silver concentrates from the Cobalt distriot--- namely 
the loss of mercury_ 
THE ~IATURE OF THE W~CURY LOSSES. 
The largest single item in the operation of a plant 
of this type is the cost of the mercury lost. This loss 
takes place in three ways as follcws:-
The refinery loss, which consists of mercury left 
. 
in the sponge after retorting the amalgam. 
The mechanical loss, consisting of the"f1oured lY 
meroury remaining with the pulp after amalgamation. 
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The chemjcal loss, or the mercury lost in the pulp as 
mercurio silphide (.HgS ). 
The ohemical loss is by far the greatest and is 
the one , for the elimination of whioh, this prooess 
was devised. 
THE CHEMICAl; LOSS OF IVlERCURY. 
The chemical loss of mercury as mercuric sulphide 
occurs in two ways, namely:-
1. By direct decomposition of the argentite ( Ag23 ) 
oontained in the concentrate. 
2. 3y the precipitation of mercury, from the cyanide 
solution, by t~e soluble sulphides resulting from the 
deoomposition o~ the oomplex sulphides in the concentrate. 
When argentite is am.algamated the mercury displaoes 
the silver and combines with the sulphur leaving the silver 
free to amalgamate with the excess mercury present. (1). 
A part o:f the meroury lost is from the preCipitation 
of mercurio sulphide from the cyanide solution by the 
soluble sulphides oontained therein. These sulphides a.re 
produced by the decompoaition,af certain sulphur compounds, 
in the tube-mill forming soluble alkaline sulphides. These, 
when coming in contact with the mercury held in the cyanide 
solution, precipitate it immediately as a mercurio 
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sulphide. It may be added here that the sulphides in the 
solution have a selective action on the mercury_ That is 
to say, if both mercury and silver are present in the 
solution when the soluble sulphide is formed the mercury 
is almost completely precipitated before any silver is 
thrown down. If there js an excess of sulphides generat~ 
ed in the" solution, then silver is precipitated which in 
turn gives up its sulphur to the metallio mercury present 
in a manner similar to that of the argentite. 
The chemical loss o~ mercury is more pronounced in 
the treatment of tlie product from the concentrating tables, 
in which case it is not unusual for the chemioal loss to 
be as high as 50 pounds of mercury per ton of ooncentrate 
treated. In the case of the jigs-concentrate and hand-
pioked ore from the mine the loss is usually below 15 
pounds per ton treated. 
When it waS found that this chemical loss of mercury 
was so great, efforts were made to prevent it. While this 
could, in a measure, be accomplished by a regulation of 
the air entering the mill, it was found by a series of 
e%peri.e~t~ that if the chemical loss of mercury was 
materially reduced, the ef~ectivenes8 of the amalgamation 
was greatly impaired. This being the case attention was 
turned to the devising of some meaDS by which the mercury 
so lost could be recovered and returned to the circuit. 
This mercury pr6~ess was the result o~ the investigation. 
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THE MERCURY PROCESS. 
The experiments and research work in the developT!1ent 
of the process were done under the direction of Mr .. E.B. 
Thornhill, metallurgist for the company, who holds the 
patent rights for the process in the United 3tates, 
Canada, and several foreign countries. 
The process as used at present consists in emulsify-
ing the residual pulp,as it comes from the cyanide treat-
Dent, in a solution of caustic sulphide carrying about 5 
percent of sodium sulphide ( Na2S ) and 1 percent of 
sod1umhydrate ( NaOH ). 
It is found that no allowance need be made for time 
of agitation in the er.lulsification. tank. That is, the 
solution takes place almost instantly upon contact of the 
sulphide solution with, the mercuric sulphide. 
After the pulp is made to a consistency of three 
parts o~ solution to four parts of pulp,by weight, it is 
caked on a Moore ~ilter. The basket is then lifted from 
the pulp compartment of the filter to a compartment 
containing barren sulphide solu.tion. Here the dissolut-
ion of the mercury is cornpletea. and the pulp washed free 
of dissolved mercury. The strength of this wash solution 
is the same as that used for the emulsification. About 
one and one fourth to one and one half tons of solution 
are used for each ton of pulp treated. 
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The pregnrolt solution resulting from this treatment 
is forced by the vacuu~ pump into a storage tank from 
which it is drawn,as neened,into a mechanically agitated 
precipitation tank. Here minus 20 mesh aluminium grindings 
is added. to the solution until all of the mercury is 
precipitated. After all action ceases, agitation is diSH 
continued and the mercury precipitate allowed to settle, 
after which, the clear barren solution is decanted off 
into storage tanks and is again used in the process. The 
mercury precipitate, with the small amount of solution 
remaining, is drawn to a smaller tank and again allowed 
to settle after which the remaining solution is decanted. 
The precipitate is then washed,with water,by dec~ntation 
and run into a steam drying-pan where the moisture is 
red.lced. to about 10 percent. lIote ......... ( A number of canvass 
bags are sometimes used to take the place of the drying-
pan. After draining it). these bags ,for three or four days 
the precipitate is sufficiently dry to be retorted). 
The mercury precipitate is taken to the refinery 
and mixed with about 1 percent of powdered Itme and 
retorted, the mercury vapor being condensed in the usual 
way. The metallic meraury resulting is carefully strained, 
weighed and bottled after which it is ready for the 
market or returned to the amalgamation plant for re~use. 

A flow-sheet of the mercury process with a brief 
description of the machines used is shown on the o~posite 
page. The cyanide end of the filter is shown in the flow-
sheet to more clearly indicate the mechanical relation 
of the mercury process to the filtering which is necessary 
for the extraction of the silver values. The equipment 
shown is capable of handling about 15 tons per 24 hours. 
CHEMISTRY OF THE PROCESS. 
The essential reaotions made ~se of in the process 
may be represented by the following equations:-
Solution of the mercuric sulphide.--
Hg3+X(Ns2S) =-X(N~2S-' -,;. RgS). 
Hote--( A discnssion of the amount of sodiur sulrhide 
required to dissolve the mercuric sulphide will be given 
later in this paper). 
Precipitation of the mercury fron solution.--
3 HgS.X(Na2S)+8 1~aOH+2 Al=3 Hg+3 X(Ua23)+-2 NaAl02+ 
3 Iia23 + 4 H20. 
According to the above equation 600 parts of mercury 
are precipitated by 54 parts of aluminium giving a ratio 
of 1 aluminium to 11.1 o~ mercury,by weight. In practice 
this ratdm is never reached. 
METHOD OF DISSOL VIHG THE IffiRCURY. 
The foregoing stateFlents will give an idea of the 
working of the process. We will now pass to a consider-
ation of the wor~,: leading up to its developement. 
When it was found that the chemical loss of mercury 
as sulphide was so great an atterr.:pt was made to devise 
some mechanical means o~ recQvering the mercu.ry sulphide 
as such. Since the mercury is precipitated cher;~ically, 
the ~ercury sulphide is flocculent and does not settle 
readily. The results of a concc~t~at1on test are given 
below as being of interest and yet of no practical 
value in the solution of' the froblefil at hand. 
Experiment No. 6-R, May 23, 1914. 
To determine what mechanical separation, if any, can 
be nade of the TIercury sulphide from the pulp residue. 
A 500 Gm sample of the residue, assayin3 3.46% 
mercury, was violently agitated in a glass jar with 1000 
c.c. of water and then allowed to settle. Samples were 
taken at intervals with the following resulta:-
Pulp suspended at surface after 5 mtn ••• 6.70% Hg. 
n n n n n 10 Tf 6.80 n • 
TI Tf n It IT 30 n 7.40 II ... 
" 
n TT n n 2 hr •.•• 7.80 n 
The product which settled to the bottom • 2.20 • 
From the above it will be seen,that by properly 
regulating the consistency of the pulp and the rate of 
overflow fro~ a settling tank, it would be possible to 
concentrate 36 .4~:~ of the ~ercury contained. into a product 
assaying 7.80% mercury. Numerous other tests were made 
along this line but no results of promise were obtained. 
Efforts were then concentrated on the devising of 
a'suitable chemical method for the extraction ot the. 
mercury. The solvent which at once suggested itself was 
sodium sulphide ( Ua2S ). The fact that this ia a solvent 
(2) 
for mercuric sulphide has long been known. A vast amount 
of experimental data was collected, by~.laboratory experi .... 
ments, to determine how readily the mercury sulphide 
would dissolve and what strength of so~utiont both as to 
sodium sulphide and sodium hydrate, was most desirable. 
The results of some of these experiments are given here. 
Experiment No.2-R. April 24, 1913, 
The extraction of. the mercury from the pulp residue 
by the use o~ a TIs2S-NaOH solvent. 
500 gms of residue containing 3.46% of mercury was 
treated with 1000 c.c. of solution containing 6.07% Na2S 
and 2.92'% NaOH. The whole was agitated in a glass jar, 
using a mechanical agitator, from which samples were 
taken at intervals. The samples after washing gave the 
following results:-
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After 5 min the wa.shed pulp assayed ri · •.•.. 0.12'10 Hg. 
tt 10 H tt fT n n · ...•. 0.12 :T • 
Tr 20 1f n If tf n • ••••. 0.14 If • 
From the above it will be seen that the action of the 
solvent is almost instanta.neous. The above treatMent gave 
an extra.ction of 96. 5'ib of the total mercury contained, all 
of which entered the solution in a period of 5 minutes. 
The results oJtained suggest the idea that a longer time 
of contact than that necessary for the" complete solution 
of the mercury might be aetrimental. 
Following this a series of experi~ents were made in 
which the solvent was arawn through a filter cake composed 
of the pulp to be treated. A typical laboratory experiment 
using this method is given below. 
Experiment No. 18~F. Nov. 23,1913. 
The extraction of the mercury on a flat porce1ain-
filter. 
300 g!!lS of pulp assaying 2.20% D1ercury was errm.lsifiea 
with 300 c.c. of water and caked on a flat filter by means 
of a vacuum pump. As soon as the water was rewoved from 
the cake, 300 c.c. of solution, containing 6.0% Na2S and 
1.2% NeOH, was drawn through the cake. The sulphide solu-
tion was followed by 100 o. c. of wash water. The pulp 
after this treatment assayed 0.06% Hg which, gives an 
extraction of 97.3% of the mercury contained in the pulp~ 
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After exhaustive laboratory experiments on both 
methods, it was concluded that a filter treatment would 
give the better results. It was the aim then to devise a 
method of treatment by which the pulp would be allowed as 
short an interval of contact with the pulp as possible. 
Developements after the process was started indicated that 
from. a commercial standpoint, agitation of the pulp 
and solution together was advisable. 
Having found that a sodium sulphide solution was an 
efficient solvent for the mercury contained in the pulp 
it was d.esirable to determine the maximum dissolving power 
of the salt. With this in view a number of laboratory 
experiments were made. One ot which is given below. 
A test on the dissolving power of sodium sulphide_ 
A strong solution of sodium sulphide was made up in 
a 1.0% sodium hydrate solution. To this solution was added 
an excess of mercuric sulphide whioh had been chemioally 
precipitated in the laboratory. ·After all dissolving action 
had ceased the clear solution was decanted off. A quantity 
of this solution was slowly diluted with water until a 
preoipitate of mercuric sulphide began to be thrown out. 
This oocured at a dilution of five times the origonal 
volume. A sample of the solution taken just as precipita--
t ion started aSdayed 2. 85~ of mercury and 1 .. 81~ of sodium 
sulphide. Assuming that the formula for the soluble 
-12 ... 
mercury compound is HgS:(1+X)TJa2S, the above assays were 
oonsidered for the determination of "xn. 
2.8 208 
1.8 (1+X)78 
( 1.8 x 208 ) 
x = ( 2.8 x 78 ) 1 0.7-
\Vhile the fi~re 1.7 represents the approximate 
number of molucles required to hold each atom of mercury 
in solution under the conditions prevailing above it can 
readily be seen, since the mercuric sulphide preoipitates 
upon the addition o~ water, that the proportion does not 
holi for all conditions as to strength o~ solution. It 
is probably more nearly correot to say that there is no 
fixed formula representing the combination resulting from 
the the 'solution of mercnric sulphide in the sodium sulph-
ide solution but that the amount of sodium sulphide 
required varies with the condition of the soultion both 
as to concentration and temperature. These observations 
were interest.ing in a way but a.fforded no basis for the 
deter~ination of the strength of solution best suited 
to the treatment of the pulp. Another test along the 
same line is given below. 
Experiment fio. 5-S 
To determine the saturation point of a solution. 
A qua.nti ty of solution ca.rrying 4 .12:~~~ sodium sulphide 
and 2.0% sodium hydrate was used for the treatment of an 
equal weight of residue assaying 2.2% mercury. The preg-
-13 ... 
nant solution was filtered o~f and used for treating a 
fresh portion of the residue. This operation was repeat-
ed several times, a sample of the solution being taken 
for assay after each succeeding portion of the pulp was 
treated. It was observed from the assay results that 
1.67'% was the maximum amount of mercury which the solution 
was capable o~ dissolving under the conditions. Similar 
tests coroborated these results. It was finally conclud-
ed that, the ratio of the weight of sodium sulphid.e, in 
the solution used., to the weight of mer.cury to be dissolv-
ed ~rorn the pulp treated, should never ba less than 6.6 






WhereuX" is the number of parts of 
sodium sulphide required for one part of mercury by weight. 
Solving, X 208· 4 .12 6.6 
- 78· 1.67 = 
For example, if a pulp containing 2.0% mercury is to be 
treated by an e~ual weight of sulphide solution, the 
strength of the solution in sodium sulphide should not be 
less than, ~x 6.6 x~= 4.95% Na2S t Practice at 100 1 208 . 
the plant has verified the oorrectness of this figure 
when the weight of the solution used in the treatment is 
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approximitely equal to the weight of the :pulp treated. 
The following test shows that the above relation does 
not hold when the volume of the solution is greatly 
increased. 
Experiment No. 7-S Dec. 1,1913. 
Di~ferent volumes of solution of varying strength in 
sodium sulphide and sodium hydrate were drawn through por-
tions of the same pulp on a porcelain filter with the 
following results:-
Gm %Hg 
No. strength CO of pulp in pulp % 
of sol'n. Sol'n.treated Head Tail Extr. Time 
Na2S-NaOH 
1 -6.60%-2.0%- 400 - 385 - 1.56%nil%-99.9%-15 min. 
2 -3.30 -1.0 - 800 359 do do do -27 TT 
3 -1.65 -0.5 -2000 - 338 do - do - do -97 n 
4 -0.82 -0.25-4800 - 265 - do -0.34-71.8 -225 " • 
From the above results is is evident that the con-
centration of the chemicals in the solvent is a factor 
to be considered as well as the quantity of salts coroming 
in contact with the" "pulp. 
In deciding" on the strength of solution best suited 
in the commercial plant the following points were oonsider--
ed, remembering of course that the main object was to get 
the mercury. 
I.The higher the mercury tenor of solution the great-
er the efficiency obtainable from the aluminium used as 
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a precipitant. 
2.The stronger the solution the less volume requir~ 
ed and hence the shorter period of treatment. 
3. If a strong solution is used the volume is less 
for a given tonnage of residue and therefore smaller 
storage tanks are required for the solutions. 
These factors make a strong solution desiraoll9. 
On the other hand the stronger the solution used 
the greater will be the mechaniaal loss of chemicals due 
to the fact that in the practice here no water wash can 
be used'to remove the chemicals from the barren pulp. 
Uote:-" In explanation of' this statement it may be 
said that.the pulp enters the sulphide solution contain-
ing about 20% moisture composed of cyanide solution. 
~1hen the pulp is discharged, after the treatment for the 
mercury, it cOhtains approximately the same percentage 
of mOisture, which in this case is made up of the sulph-
ide solution. It will therefore be seen that if a water 
wash was used to remove a part of the sodium sulphide 
from the barren cake , the volume of sulphide solution 
in the plant would increase until it would be necessary 
to run the excess to waste". 
It is necessary, therefore, to determine the point 
where the advantages on one hand ~xactly ballance the 
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disadvantages on the other. It was found to be Fiost 
advantageous in this plant to use a solution carrying 
about 5.0;% NS2S and 1. O~0 NaOR. With this strength of 
solution it is the praotice to use 1t tons of solution 
for each ton of pulp treated. 
VARIOUS lwiETHODS OF PECIPITATIOn. 
Early in the investigation it was felt that little 
di£ficulty would be encountered in dissolving the mercury 
but that the big problem would be in the precipitation 
of the mercury from the sulphide solution. Numerous 
methods and reagents ""ere considered before the appli'l'O--
cability of aluminium precipitation was discovered by Mr. 
Thornhill. A few of the methods tried out will be discuss~ 
,ed together with 'their respeotive merits. The following 
methods were oonsidered;~ 
1. Adding an aoid such as hydroohloric acid or sulphur-
. ,-io acid to the solution. Precipitation is effected by 
the deoomposition of- -the sodium sulphide which, holds the 
meroury sulphide in solution. To acoomplish this enough 
acid must be added to oonvert all of the sodium sulphide 
present to sodium acid sulphide ( NaHS ) and all of the 
sodium hydrate present to sodium sulphate or sodium 
chloride ( WaCl ). Precipitation is effected aocord1ng 
to the following reaotions. meroury sulphide being soluble 
only in the normal sulphide:-
2 HgS-!Ta2S+H2S04 :: 2 HgS+2 NaHS+Ua2S04' or 
HgS :Ha2S +HCl = HgS + UaHS + NaCl • 
-17-
. After filtering out the mercury sulphide precipitate the 
solution may be made active for re-use by the addition 
of sufficient caustic soda to neutralize the acid sulph-
ide. 
This method has the disadvantage that the solution 
soon beoomes burdened with inactive salts. 
2. Ferrous sulphate will effect a precipitation of 
the mercury present according to the following reaction:-
HgS· :Na23 +FeS04 ::: HgS +FeS + Na2S04 • 
In this case the solution is praotically all destroy~ 
ed although the ferrous sulphide obtained in the precip-
itate may be used, upon the add.ition of sulphuric acid, 
~or the manufacture of hydrogen sulphide ( H2S ). This, 
~hen passed through a sodium hydrate solution, forms the 
dissolving solution o~ sodium sulphide. There is the 
additional disadvantage that the mercury precipitate 
recovered ia mixed with ferrous sulphide, which complio-
ates the recovery of the mercury. 
3. Precipitation of the mercury from the solution 
may be accomplished by passing hydrogen sulphide into 
the pregnant solution until all o~ the sodium salts pres-
ent are converted into the acid sodium sulphide. The 
reaction is given below:-
HgS -Na2S+ R2S = HgS +- 2 lIaRS. 
The above reaction takes place only after all of the 
sodium hydrate present has been converted into the sulph-
ide and the precipitation is not completed until all of 
the sulphide present is converted into the acid sodium 
sulphide. 
4. Sodium zincate held in caustic solution precipt--
tates the mercury from the solution according to the 
following equation:-
NS20·ZnO +2H20 + Na2S·HgS ;; ZnS + EgS + 4 NaOR 
The reaotion is not completed until all of the 
sodium sulphide present is destroyed. 
5. Electrical precipitation may be used llnder proper 
conditions. The mercury is precipitated as a metallic 
deposit on the cathode .Ho\"leycr this method greatly impairs 
the dissolving power ot the solution due to the free 
sulphur being thrown out at the annode. It may be added 
however, that this method is the most promising of all the 
foregoing. 
While anyone of these methods will effect a precipf--
t at10n of the mercury from the solution and while each has 
been used in the laboratory, they all present difficulties 
which probably would have made the process a failure co~ 
mercially had any of them been put into use. All of these 
methods, with the exception of electrical precipitation, 
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are dependent on the destruction, or partial destruction, 
of' the sulphide solution and they yield the mercury in 
the form of mercury sulphide. Since metallic mercury is 
insoluble in sodium sulphide the .precipitation of the 
mercury could be effected without the destruction of the 
solvent if the mercury could be reduced to the metallic 
state from the solution. This is what has been accomplish" 
ad by the use of aluminitun as a precipitant. 
ALTThlINIWE PRECIPITATION. 
It is a well known fact that nacent hydrogen will 
reduce certain metallic sulphides to the matallic state 
by uniting with the sulphur combined in them. This fact 
however, has only been made use of in the case of sulph-
ides in the solid state. In precipitating mercury from 
a su~phide solution the action is similar except that 
in this case the sulphide to be reduced is in solution. 
It was found that comp1ete preCipitation could be 
effected by the use o-r almninium and that the hydrogen 
sulphid.e formed united with the sodiurr. hydrate to form 
sodium sulphide thus increasing the strength of the 
solvent. The chemical reaction taking place may be re-
presented by the equation given on page 7 of this paper. 
]Jote: -"It will be seen that . precipitation in this 
case depends, not upon the destruction:of the solvent j 
but,upon the reduction of the mercury to the metallic 
state" • 
Laboratory tests show that, while this is the equa -
tion representing the reaction which takes place, the 
efficiency of the aluminium as a precipitant varies with 
the amount of mercury contained in the solution to be 
precipitated. It is also found that the regeneration of 
sodium sulphide never quite reaches the value one would 
expect from the equation as given. A typical experiment 
on the precipitating value of aluminium is given below:-
Experiment No. 8~P April 13, 1914. 
To determine the effectiveness of aluminium dust as 
a precipitant of mercury from a sodium. sulphide solution. 
Two lit res of solution assaying 0.82% mercury, 5.4% 
sodium sulphide and 1.0% sodium hydrate, was agitated 
and aluminium dust added in small lots at intervals of 
15 minutes. A sample of the solution was taken for assay 
atter· each addition of aluminium dust with the following 
results:-
After the addition of the solution assayed. 
ff 0.5 gro. of a.luminium, . n· '0.57.0% mercury. 
Tf 1.0 
" 







n 0.245 n 
" 
2.0 n " Tt n 0.130 n • 
n 2.2 11 
" " 
11 0.075 " • 
'tI 2.4 " ff tf " 0.080 fI • 
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After 2.6 grn. of aluminium. Sol. assa.yed O.050';bmercury. 
2.8 n n 









The above results are plotted on the opposite page. 
It will be noted that the first five tenths gramme' 
of aluminium dust precipitat'ed five grammes of mercury 
or a ratio of ten parts of mercury to one part of alumin~ 
ium by weight. The ratio constantly decreases until it 
reaches a ratio of one to on~. The total of 3.0 gm. of 
aluminium ad,deti precipitated a total of' 15.8 gm. of mercury 
or the average ratio, of' mercury to aluminium, of 5.3 to 1.0. 
Note- 1T In practic,e it is about 4 parts of mercury to 
one :part of aluminium grindings by weight. These grind-
ings contain about 70)6 'metallic aluminium.. This gi vas a 
ratio of 4/0.7 or 5.7 t that is , one pound of roetsllic 
aluminium precipitates 5.7 pounds of metallic mercury. 
By the equation previously given ( page 7 ) the ratio is 
1 to 11.1 • In the plant then'- it will be seen that there 
is obtained, from the aluminium used as a precipitant, 
an efficiency of' 5.7/11.1 or 51.4% • 
In connection with the question of precipitation it 
was at one time fea~ed that the solution would build up 
in aluminium until it became fouled to such an extent 
-22 ..... 
that it could not be used. The following experiment 
conducted in" the laboratory brings out an interesting 
fact and one which proved of great value in the operation 
of this plant. 
Experiment No. 9-~ March 30, 1914. 
To determine the amount of aluminium that can be held 
in a given strength o~ caustic sodium solution. 
To 1000 c.c. of a solution carrying 1.17% NaOH, 
aluminium dust was added. It was observed that after about 
8 gm. had been ad. dad. a flocculent preoipi tate was thrown 
out but that the action on the aluminium still continued 
with the evolution of hydrogen. At the start when the 
aluminium is retained in solution the reaction is probab-
ly as tollows:- AI.., NaOR .... H20 = NaAl02 + SE, 
The fact,that the action continued after the solution 
was saturated with sodium aluminate, and long after enough 
aluminium had been added to satisfy the caustic present 
according ,to the above equation, leads to the conclusion 
that aluminium would continue to be acted upon with the 
evolution of hydrogen aa long as there was any water pres-
ent. The latter reaction is probably represeuted by the 
following equation:-
Al + liaOR + 3H20 :if Al(OH)3 + NaOH + 3H • 
This belie~ is strengthened by the faot that in praotice 
it is unnecessary to add oaustio soda a~ter the mill 
solution is once made up to about 1.0% NaOH. 
EXPERIMENTAL PLANT INSTALLATION. 
The results thus far in the laboratory were so 
encouraging that the installation of a plant for the work-
ing of the process seemed probable. At the same time it 
seemed'advisable to do more work on a larger scale to 
obtain a better idea as to what results could be expeot-
ed in practice. Consequently a filter of the Moore type 
having leaves 2'-a nX 2' ..... 0" was installed. Results on one 
run o~ this ~ilter are tabulated below. 
Experiment Iro. M ... IO. Uov.29,1913. 
The extraction of the mercury from the residue by 
treatment with a caustic sulphide solution in the experi-
mental filter. 
A cake was formed on the leaves from the pulp mixed 
with water. The cake was then subjeoted to the caustic 
sulphide wash. 
The ~ollowing observations were noted:-
Specific gravity o~ the pulp(with water)~ 1.79. 
Specific gravity of the dry slime treated - 3.55. , 
Time required to make cake.- 5 min. 
Vacuum measured in inches ot mercury t - 19. 
Thickness of cake in inohes,- 9/16. 
Time solution was turned to waste,after starting sulphide 
solution wash,H 5 min. 
Time required for strong solution w8sh,-38 min. 
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Time given cake in wash water,-12 min. ( this was saved 
with the pregnant solution). 
Weight of pulp treated. (20'jb moisture) , .... 42 lb. 
~i;reight of solution saved ( includ.ing wash ),- 48 lb. 
Head assay 1.56% mercury. 
Tail assay trace mercury. 
Percent extraction based on head and tail assay,-99.9%. 
strength of solvent used, 6.6% ~Ta2S and 1.5% NaOH. 
strength of solvent after precipitation 6.2% 1~a2S. 
Assay of solution saved,- 1.004% mercury. 
Time of complete cyc1e,- 1 hr. 
Sampling was started as soon as the cake was put into 
the solvent and continued at close intervals during the 
run • The results are tabulated below. 
Time % naOR % Na2S % Hg in sol. 
After 1 min. trace 0.22 Nil. 
n 2 n 0.04 0~32 :Nil. 
Tf 3 n 0.07 0.40 Nil. 
If 4 n 0.06 0.40 trace 
TT 5 n '? 2.10 0.062 
'f 8 [1 '? 3.3Q 1.784 
n· 10 Tf ? 6.40 4.992 
n 12 n ? 7.48 5.375 
1f 14 n ? 8.10 5.414 
It 17 " ? 7.64 4.343 
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Remarks:- The peroent of sodium sulphide was determin-
ed atter the preoipitation of the meroury. The percent of 
caustic soda was omitted in places because of the'diffiou1ty 
in determining the end pOint. 
The water wash was started after 43 minutes and put 
with the pregnant solution. 
A graphic il1ustra.tion of the above will be se'en on 
the opposite page of this paper. The curves show very 
clearly the extreme solubility of the mercuric sulphide 
in the solvent and also the _regeneration of sodium 
sulphide upon preoipitation of the meroury present. They 
a1..80 indicate that a very sharpodiviaion,between the 
wash water and'the sulphide solution containing the mercury, 
could be made under favorable filtering oonditions. 
-26 .... 
A 'Pan filter six 'feet in diameter was also used. 
experimantally and was ~ound to give equally good results. 
INSTALLATION OF TH3 COr~RCIAL PLANT. 
The results ·obtained experimentally were good enough 
to warrant the installation of a plant on a commercial 
scale. A flow-sheet of the plant will be found on page? 
of this paper. 
A filter of the Moore type was selected on account 
of the small floor space required for a filtering surface 
of a given area. 
Settling tanks were used instead of filter presses, 
for reoovering the mercury precipitate, because of the 
readiness. with whioh the precipitate settles. It is also 
true that the aluminium amalgam present in the precipit-
ate would give trouble. This amalgam oxidizes very read-
ily when exposed to the air, producing considerable heat 
which would be likely to destroy the cloths on a filter-
press if one were used. 
~Vhen the plant was started a close study of the 'act" 
ion on a number of filter charges was made to determine 
the best method of operating the filter. The results of 
one of these tests are given below. 
Observation on filter oharge No.6. April 11,1916. 
The pulp was oaked in the cyanide solution and wash-
ed successively in a barren cyanide solution and a water 
wash. The basket was then introduced into the barren 
sulphide compartement and the sulpb,1de wash started. The 
solution pumped through the basket was thrown away for 
eight minutes,after which it was found to contain some 
mercury.It was then pumped to the storage tank for the 
pregnant sulphide solution. The barren solvent used assay-
ed. 6% Na2 s and 1% NaOH. Solution samples were taken at 












































































Note:-"The above results on sulphide in solution 
were obtained by titration of the solution after the 
mercury had been precipitated by aluminium dust. 

The pulp tail ings assayed. 0.005% Rg. 
Curves representing these results will be found on 
the opposite page. It can easily be seen that the work-
ing conditions are similar to those in the previous 
experiment where the small experimental filter was used 
except the.t there is a tendency to IT drag lf causing a -longer 
period of treatment. It might also be noted that on 
account of length of cyanide treatment the cake becomes 
very compact on the filter leaves and therefore hinders 
the passage of the sulphide solution. The actual weight 
of solution used on the above charge was about It times 
that of the pulp treated. 
SUMMARY. 
In closing there are a few points already discussed 
which it may be well to recapitulate. Some of these were 
very fortunate developements in the working of the process. 
1. The strength o~ the solvent best adapted to the 
work here is 4.5% to 5.0% Na2S and 1.0% NaOH. Thms solu-
tion is not so strong as to be dertement~l to the the 
ordinary canvas~ whioh is used as a filtering medium. 
2. The regeneration o~ the sodium su1phide which 
takes plaoe when the meroury is precipitated by aluminium, 
is sufficient to help materially in taking care of the 
mechanical loss of sodium sulphide in the pulp discharged 
from the plant. 
3. The aluminium, which it was feared would build 
up in the soluti.on and interfere with the filtering, 
precipitates as the hydrate and settles with the mercury 
in the precipitation tank. 
4. Very little caustic soda need be used after the 
solvent is once mscle up to the required strength (l~ NaOH). 
5. When the process was installed the cost of precip-
itation by aluminium dust was extremely high. Fortunately 
it was found that cOazse aluminium grindings, a waste 
product from aluminium castings fonndrya, answered the 
purpose much better and could be obtained at a small fract" 
ion of the price of the aluminium dust. 
COST.: OF TREATMENT. 
There have been treated here by this process 2610 
tons of residue from which there has been recovered 882, 
75 lb. flasks of mercury or about 25.34 lb. of mercury 
from each.ton of pulp treated. This was accomplished at 
a cost of 12·¥ per pound. Following is a distribution of 
the costs for an average month:e 
Report for, the month of July 1914. 
Cost per ton treated. Cost per pound Hg extracted 








Cost per ton treated. Coat per pound Kg extracted. 
~ ~ Retorting----------~ 0.3048----------------~ 0.0110. 
Total .............. $ 3.3568 .....•.•.... ~ ... $ 0.1207. 
In speaking of what has been accomplished at the 
plant it may not be out of place to mention the fact that 
the European War has caused the price of mercury to advanue 
as high as ::~ 300 per flask. The ~ercury bought by this 
company was all seoured for less than $ 40 per flask. It 
will be:aeen,then that this factor has worked to make the 
sucoess of the plant more marked from a finahcial stand-
pOint. 
TREATMENT OF CINNABAR ORES. 
This process was devised primarily for the treatment 
of a pulp under conditions existing here. Under these 
conditions the process has been very successful when 
no other known process would have been. No difficult~es 
have been encountered which would indicate that the process 
would not work satisfaotorily on a cinnabar ore and it 
would appear, ~rom several small tests carried out in the 
laboratory here, that the eost of treatment and the 
extraction obtainable is such as to make it a strong 




(1). Schnabel, "Handbook of ltIetallurgyfl Vol. 1. 
(2). Prescott and Johnson's, Qualitative Chemical 
Analysis. 
(2). Beecke.r,' s, tfQuicksil ver Deposits of the Pacific 
Coast tt , ::ronograph, U. S. G. S. 
(2). Watt~s, Dictionary of Chemistry, Vol.lll,page 225. 
